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(54) PLASTIC WORKING EQUIPMENT AND PLASTIC WORKING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve a problem that in 
the conventional plastic working method for a material, 
since the formation biased in a fixed direction is 
occurring, the plastic work has to be conducted 
repeatedly by changing the direction of the material in 
order to obtain an isotropic crystal accumulated with 
strains, which brings about a troublesomeness of the 
operation. 

SOLUTION: On an innerface of a cylindrical channel 11, 
a plurality of barrier bodies 13 are provided so as to be 
asymmetrical in the axial direction, and a working object 
metal material 22 to be plastic-worked is press-put in 
the channel under heating. Since the plurality of a barrier 
bodies exist, the effect the same as a plurality of time 
plastic workings is obtained by a single press-in 
operation. Furthermore, since the barrier bodies are 
provided asymmetrically and the directions of the 
stresses applied are different, the displacement of the 
crystal becomes small. 
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(57) [Sft] 

Stt*xt-^*ftnx^*#JS*t*422*»nj»T'CffiA*r 

J:0^H©ai^XiH9©S**^»6ti4. WC* 




(c) 



(2) 

1 

ffirtr*^l*^OTXtt^n-^0fiSb. £SS#*flr 

isaunxttrttciuai-rsc £*#a£r*«»ix#<DS 
ttJax^Sc 

4S^6a»ax»*ffiAL. K»finx»*ffiao. i£S£ 
tifc^yrflrc^sn/cis^Sraas-ttsxar^r 
sMtfeAur* Htfiai**nx«^^»2^^fijai-r^i: 

[t»3#S4 ] «»<D'< 'J T#<D'J>* <ti>l fflSrfStK 

6 3 *-c©ii-i*n*>«:iaK©9ittttix«a. 20 
ti8*3® 5 ] >^^©«gsrto»anxttoffiffl(i 

tttttUXtt 7 o - * BtiZ? £ cfc 9 «: V tcm&Jg. 1^4 
U T ft * Mitt 3 > 7* * Kfflrtr*»» <t 4 4 <fc 5 CCK« 

L/ct^x«<DSi4»x^s©friasss5<D-*«^ 6 , 

SHraXtt*EEAU tM^X»©WH«cj:»K 

^<»;rftr«jsssftfei«BtiHiS**xa-c^r* 30 
£>mfcjim~e. mnmrnnwc^mm^Mmb. aire 

7ft. RC>miaeftt^KrtC0S1g»©^U7ft^MfflJCC 
|«L/tel»0^>^ + *W-r*«ttftlX*»<D % Wu 
IB 1 > P * rate, ttJPXWSCf^ S £ 

SKCCcfcOpgBMXW&^^^-t^i^aSb^li, 

< <b «>8iHB«ttix»*frBs^ y TftccjKftfcs-a-rs 40 
j** 5 c <b <t r *«anxt#oaittan:*ffi. 

[IMB9 8 ] »DX*?WHL »IHXtt*W!'Cfir 9 <t 5 K 
■U/c«*31 6X»7 CCgEtt<DfflttflnX^ffi. 

[000 1 ] 

[000 2] 50 
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2 

[t&feottNsi fie*©a«flDX«. tsanxttfcffii. 1? 
aisc«iJS*©*c^Jnx*isc"rciK:<feotfto*i, is 

[0003] ffi^, *is?attix€:«sLrea©aaBft* 

«tCUt:*-£l/CHI^3ftTl>* (Wx.tfF.J.Humphr 
eys.P.B.Prangnell and R. Pries tner, "Fine-Grained A 
Hoys by ThermomechanicalProcessinq", Proceedings 
of the Fourth International Conference on Recrysta 
llization and Related Phenomena, edited by T.Sakai 
and H.G. Suzuki ,1999, p69) 0 

[0 004] W^lR«CW*3hfc9fcflIXffi©9 *>s W 

tlTTC^S. C(D7'P"fe^liECAE (equal -channel -an 
gular-extrusion^P-fe^iW**!, ittftXtt«*4L/c 
* -f * * fcf x * CC«@1**«*& L TTflPtH U - ? lift* *tr 

«Mxtt*as4anx-ra*ffir*o, wnxtcioiwi 
ttflnx3 n/c»toxw^«— ^i^ccii^/ca^afflfb 
fcfccctt. <SI4ft9oSrHS»i]X«cD^^^ c c< ifc4 

§Ci ififfi&XfflCD P30ltC Z . Ho ri tae> J: D Stlt 

[0 0 0 5] C<DECAE^a-feX^r03Rc>'a4tcS 
^^rttW-r*. HSttECAE^nHsxccffiflHRjffitt 

s tiro 5. c©^^i«iwe>, ^>^ + - 

(0^B5) *^Lr^««(D*HnXt*4*«IBHIP 
gP2^e>#-f ^i-t'T^ 3*Cd£A-r^i. ttttADXtt 

Hty -Y * + 1*^ ^ 3 *©«ft*»rWK****r»« 

[0 0 0 6 ] 

[*fJ!#IIW*L<t9if *«■] C©BCcajPXt#4© 

la 4 otKJi cc * zmmxtt 4 CC E *» *. * S l > «3 1 
xsn^»flnx*t6<ki/rBS(oasn*. c ©Office cfc 
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9. ^P£KC 1 um*-y-<Z>ffltt»DX3ti/cilB?KS* 

o fflttttix 3 ft /c&flnxWK: « h?^ o tcM 0 — S*fS] «c 
xn&#<< l ^rfflur^ttJrax^^f^^^^^o 

[0 00 7 ] C(D£5KiJfBECAE7'n^X&*EAi* 
Xll^J:0^»r^^M»nXWCC-^x.e>ft^il^^J 10 

[ooo8] mt<c&mT.tf(£tt5-2tiz>mfrmm±ft 
•r^^^^ttJjaxrff^ci^siifr*^. c<d£5 

^I^r*o/c 0 J:0Kf^r» 
£ L < telftflnXtt^ttlXffl n > F WflUtCWL o 

& 1 > «]S^^^^»^kifS^^ *rr a»»ix»*» h 

[000 9] 

<D^SS^tS»DX«^^Mil3lir^ffijnX^:?f 
>^^rt«c|Btt3>^^Kffirtt?^^&»ttlXtt7 o 40 

^s^^^MfBWfinxw^cciijtar^ci 
*»«ir*aflK«oaiffiiiax*8B. fgrt#n>f^<D 

«*tffcitt*J: ^CcS:BL/c»»DX»©^14»aXi$S<D 

(D^ffi^D, sa$ft/c^*UT»-Cflt^3ft/cSS88^ 
M^3#^XfIT'**r^^SJ£*^r, flWEtftJraxttK: 
^*2**«a u tJK«ftnxt*©aattflax*tf 9 c <t 

[0010] KT*»l8*BH«:BH)3'r4. 50 



tt»nx©*t*<ttt*amxtftt. t^s^a, 

t^mHKb^tt. -t^a***. *§jfl§Rtfcft6<Dig£ 

9tt*tt4*6fiRi«nx»*» («flnx») SttJmx 
ifflo^ortitcaR©^ y r(*^fiss ft/cfai*=3 > 

^f-^offiBtcEAsn/cttflnxttw. iwa^yrwc 

z&n&rtmv, WBtMx»o»ttaiX3^fT*>hr. 

BBfttOX»*«:S*3&«toS-r*. 
[0 0 1 l ] ^UTBuiB^ M JTf*«1S»fi^$ftt:c^ 
£/c#>, H«ietft»nxt*ttS^*urft<i:<DSeic:iccc© 
i^wues^au. *o«ttjnx**fT*>ti*. 

/>* y r (*tc<t 0 ffltlWX*©*HlPXW*«»ft o tc-fifaK. 
9a&t^fcJh. traX*Ol«flIlXt*€:jStS3>^^OiJSBS 
rtCCWBEASIf <!:&< , aJOX*tCCE[lSD3ti&J£* 

S I » XI* fflfflttOmFlBfiJW n > ^ ^ Etc ^#»J 
[0012] XC<D^^UTW*»»0Xtti«WlL/8feftO 
0ttllllIltW2il#£Cte0, tt»nxt*K:^»*^0 

icw* y r«*»x«*©«d»x»*Jn»ccss«r * c 
*jfiTts. s^y rwit^xttisis^r^oajjn 

[0013] tt**»w-c«ffl-r*tt»x»i*»nx«rcc 
wa#*«x«Rtttt»©a«©»tt*wurt»* c t 

MKK, ^L««cfeaa©»ttiBCXl**ti«ciE 
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&tioxt*4urf#£>ft> WittfiSfttiftK^nHttflSKt? 

**4H«»<0«toXt*4O"C % XHft^lHttSfcK-C 

»{C7^x«-€-n(ciai^ttecR-r/c«>ectt. ttflnxt* io 

*2ffl»«U WfflEE««*y>*bft#6iHftl^j£ 

ftat^x^i^aw^iBfcf** kx^-x^i; 

[0014] ^»0^ , J7*S:8Iltte< i^»<Offl 
(DECAE^D-fe^-C, JtoX»«<DtftttIXt*OEA-- 

^flnx»ffl-ttxsn/casnx»©KOfflL-» 20 

JJDXWOHEAO^ 0 ig L £19 *tf 9 © 4 « ^IU^cd® 

XttcD#-[p]<DIXAK:<i: 0 B¥S«Fl4<098tt»nX3 fifctt 
flnXt**SSC4fcoJffetett4. HOEAtc 

<fc £ ^tt^nx^Jir' tiwjeowtt 3^f» 6 ft fc i > 
tc&m&t ur«na»Brt«:**Winx»*ii*^< y r 

0, S»0<DSffitJnX*ftS J &S^Sii:-C4)M<, C<0ti 

i4<Dsarax»^6ft6o 

[0015] ®«n>7-^cD^58*^>'> M ;r^g:g$ 
nr i»6 4 i> 5 ffimipattix*fr 

fta^*ot^xtt^ecy5--«t44fl6flB-r*. 
c©^5-t**4S<*»*nx*SHL/ftc^c8?), Mtfaxtt 

SBB LfcJttpxst*©l*ftixt5**^< y r&tas* y r«Jf 

(t<tsai*urattaix**w*fc«>. sdx»*<d«jwx 
^ttx»4ra*x«*t>*ofcaH4«ixsfefrr»n 

ttMX»ttf4#»6 h, <fcot ^*CD»DX»a 

*w-r4affiSPX3hfcttiBxt#4 btttstsc 4 1> 

[0016] ♦JSW'CB*- @<D»X2tfSt&Jj[]X#<Djgf 50 



tt<oaflnx*t*«»6n4c4^*o, x<5«:#-^iia 
»f^rBf3ea>«tt©ts»ix»^»6titt< r t>. mm 
ffiflnxsrsss o iir c 4 «c J: o fin/cttteotftiraxivr 

5Cim^ -tor*«?B«cJ:5 4 % SHK>*WT 

4tft*nxi5f*«t# &n4Kwt4< . ^yr<*©»-WB« 

CC#»LTl>*ffl^Xfcf#t#6ft&. 

[0017] ^k:*«ia«cj:*aiiar»<oatt»px©a 
ffirtiscc^yr*©*, TBBrtScc^yr(*®*RjBi/ 

fclBtta > (CH©£«^ 6«»lttt* *ffiA U rfifflfj 
^6^1traXt*L/fctWX»*BS(0Hjr*f s il'**L 

nmzm <*tc3a£p**tr) «ajjnxt*<Dfa/hSB»o^ 

fttK»i*^T. X'* y T f*te#r® 0 HftTfcT 
Hffi4SiB^CC®iyf-SH«ttOJI5tt*WL/. H#0<D 

[00 18] CMrWffiffilt, &K*s&tt&S«fr 
*±li%teJ:08Wrr&. c©±lfffirtt-X© J: Steffi 

® fS«3>T-^4^ilOi£M®«iiS^a^BT^> 

© f®K=i>^4&jBw* ac/4W4^<yr#iB©» 

[0019] mem 1 r«mi^<Djio®«^>r^(Z)ijfe 
B*4ft^±ra:flftie*i*4u, seor^s^eitt^ 

= ft b c d «ia b c 4 a c d **ia 4 -r s -^22 

JWgT*4^yr#©*5%U, Pli^HftM^cB' c 
D' BAy7*8tSf. y rft0©»B— JB«a 

bzd' cr =a/2 4&s«*ifij(4a«:iaa3tir 

L/, ^yri*0O)S^C4^tltCfS]^l^5 3>7 L ^F*9 
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[00201 mmmn («K**w**ira> * h. mm*mr 3' • • • te*iv©w(*»«*e»««ii 

■c. #^©09<*^si) (^-tf-r&ji©*) tst^**© i ' ©wfls^wncsjtoatt^B*^-* - . r3* «.»5a. 

a. ««i • • •■.{**« (.mmmmm i. ««m' • • ■m#®mt:ft*> o>^rts«c 

B. HW&f?r 1 • • • fHiAI *>6©£IS**C©®±"C Wrfc&ji) 

nWKB**tt. ««irc©«ifcJth«:SCt>««irai* J • 53WSif¥r2' - • • mm « 
aw. r ucfi5a*^aw«:j:*)»iiffi**a4. Jfcr ©«fi«*i«:SE*>a*»iE**M". r2* 

d. s?»r^wr2- • • ««n-c«a»«tn*iftfc*«i3»« io -c. 3?»r^j?r2' w^wdprr «:ssg-c 
f. 9WrMr3 • • -m.m.11 ©^is* J c©ffi±-c59 

mstxit, «*ivc©iw*»wcW3*«ihii** m. «mr • • -iik*».*«ts <,b&»7«>. 

-T. r 3 tcS5 iS^^iti^K: «fc 0 £Hi«3?t&rM<*£& (002 2] *.c&«aJgKtt&#BBt?£Jganft*g#«: 

[0 02 1 JG. tJW.iv- • • mimthZftl <><!J7 20 a. MKS«W.Ii Rtfn' ©g» 
M©ICDiA'j7(*®0lD' C CctDttlSSft S0B«i«ii«)iR«B«*>K«l:*¥iWHas*e..O«*T 

£ „ = (2/3 ,/J ) xin(t0/tl) XE (3 ,/l /2. a) /sin a CD 
CCTE (3 1/l /2. a) /sin attffiHffl#©firc B««n©T«W^»WC»L < . 

f002 3l b. Ra^Bi^SffirL T2, T2' ★ KpMBrS.^T, > T„ T, ' Mr, ' «^©<fc^«: 

l ' g©jF^i[li||£ 3S«>6*i£. 53K«f?fflr l -rotB^SSK^r, «^ 

PMl#33»T^I?ffir 1 . T2. T2' Mr 1' ~c©¥* (3)t!4Ae.n5. 

T, = (1/3 1 " ) x Ctan(ot/2) J (3) 
53»r%War2. T2' •C<D¥*MBiB»i>'tt *T, K.*fL<& (4)r4ie»nS. 

c. ¥M59K^WBr 3Rtfr 3' -c<dw& ♦So 
33BS3t»ffir 3-C©99KM^T3 1*3$ (5)t^f.h ♦ 

T, = (2/3 1 " ) x Ctan(a/2) ) (5) 

t, ' =r, <6) 
[00241 d. ««Ift>feflB«r g-CK&KffttS » i ) ¥*MISS*©fl*e cdtrSi. *«nr©£* 

«oWffi-c©s**»m-c#s. * 

ecd= (4/3 1 '* ) xin(t0/tl) XE (3 1 " /2, a) /sin a (7) 
ii) R?ffi1^33lK^I9ffir 1 . T 2 . f 2 ' SOT 1 ' © ★ #T5£©J: ^cgffl-CSS. 

^©fn^espi-rsi^ 5£ (3)<J;S; (4)©fD^e>esp* 

esp= (4/3 1 " 1 ) x Ctan(a/2) 3 (8) 
iii^ffiSW&l^fflr 3RCXr 3' "C©^©«1*£P ^fflTti. 
i-TSi. 5$(5)£5£ (6)KJ:0 £ ptfTS©J:5K#A 

£ p = (4/3 ,/J ) x CtanCa/2) D (9) 
[0 02 5] &KCtt6©ffi:fr6M#©*g#Usuin ♦#-rSi^(10)©«fc 

£sura = (4/3 1 " ) Xln(t0/tl) XE (3 1 " /2, a) /sin a+ (8 



(6) 



/3 1/l ) X Ctan(a/2) ) 

tSRS# (E ( 3 1/J /2. q) /sin a) <^I(i 
1.005 <Lft& e -eLTln(tO/tl) =ln (1/0.75) =0.29 
T'£>£o fiSoTcsum = 0.67+0. 81=1. 48<bft 9, C<£> 

JDXf 6 il^cDiUMS^f^lHt ck 0 #£H $ ft &#JI * CC 

g»£ft£^#f#e>ft£o 

[0 02 6 ] Kffi«^*#9S^r*£^X-C©ffi*tt 
Ay Tf*CDgfc£8<I<tr&C<tr4.6 £iB£&^£W-r 

te2^w&<tii##/h3<ft£. *orc©«i4ft»a 
^CC^t3t*6ft£fctf>. C(DfJtt4H*IH»-i"*c <h 

cc ^ y r #*sw*tt«:swr * ft * u ri*©»i»* 20 
0«±CciS— ft* <£ c t &-c# 
[0 0 2 7 ] 

*^H^O^ttlX«cD3i14»nX^g 
COMB**-*. H2a*62ctt, #RW3£»K:<fc OJJDX 

iiat^)^, H2 a^6 2 c^-raflpxwoaittini 
j&o. Mfa^Kiio**^cD±ffj]cc«^gir^L,'c, fr 

[0 02 8 ] X«E*Hll©**ai»T«ICCtt*^(t^ 
LT, |}SB1^3>f'^i2A-#fi!aBStifc=fttttt© 

2 ffloD^ y r#i3#, ±»J©'< y rtti3i«s^ac*cc 
BKa-r 4 <fc 5 CcBK-3 ft. B 2 a.CD0|T« AfBtKiUBu 
cc ft 4 ikd ^ y r fteiiMW s ft r i » * o Mis; < y r 

r4>&<, ftS^<ft«^»aEtftl^4^ft»ftffi 

Ccr*C£#S£lA>. 40 
[0 0 2 9 ] ftlBttiSBiirtaSOSflBCCtt. 02 aCC^ 
TJ:^^ mi 7"5>^ + 20a*>*, ftfHKSfcKnOrtffi 
CCjQoTfli«ia«ECCH:B3ft. »P r ^>^-r20a©ffJE 

®2ob ^wriB4 y rttia^sasBSft/ciftusrtcc^ 

* ^> -5 A^^CDfttt«©toX^«l(Da^X«22^:«*& 
0, Mfcft!Iffi23b*«r*»2:/^>^*23aK:j:*) 

ttflpx»22*EA 0 r ftfl»TX«*»"rcjipiattix*if 

5o 50 
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(10) 

[0030 ] ^27*7>> J t 23atecfc£EAT't£Jll]X« 

22«, &-T02 btc^-rTfflJrtSS©^ffJo^*y r»i3 

{ibri>&/c£>, »x»*©«^xtt22tt«fB«SBSii 

rt©±¥#***rr&. aanxt#22tt«t>r±flfjrtfiffi 

0*IMrr«. M«:}niX*ta<7)tStt]X«22(i^0(D2fi 

o^<UT*i3«:SM!feorHa<D»nx%gw. sweets 
unxtt22W^< y TfrisRc^wtt^ >^^i2<D«a»urtffi 

K»l£Lfc»ttK»R-r* (02 b) o 
(003 1 1 02 bOtKflt^6fVl ^ , '7>^ + 20a*BI 

JfflX»22*^Sl«:lfffil/ft*«6»ttT&. CORKcSE 

M^sa^ti^c /<yrf*i3i<D«ftt^7u/ctfi»n 
x»22«M(c*^«c«ttur«Kiiortiicc««bT 
sgg3ftr^ojg««:R* (B2c) o c©RR«:#5 
-»»42ii3:H2 ctCTfi-rA^ftJBtttcHSo ft**. CCD 
B5CC»2 23b tmi :/^>^*20a<DfflS<D 

^ttjSBMV* ^ >X>&iot3>rti ttJJDXt* <b <Z>Rfl 
tc£l^£Dftl>J:5teTSC<t#Sa*Llr\. C(D<t5 
CCjtnX«*<DttttlXW22tt^< y Tttl3fc«fc 4SSB*>6« 

Tc-rs. H2c<D^«rRcc^©»tt**ra«^x 

W<bftorc^i^^«fttSl*ffiKil<D«^©HPa5^ 
6KgffiW^£LT^*ft«ftt>. 
[003 2 ] U3&>Lc©*-HD>Pffl«:J:*Me3l>nX'r 

tt v ^XM*OTOX«22«+»ft^14*W#5ftft^ 
tB^CC», WKJB2^^>yi-23a*£&|nJ6c»«iSl± 
02 b(C7SrJ:5tcattlX*t22JcKJB«:f*#L/. JSKSI 
lP r ^>SPi-20a«*rt5rft«C»»S*«. Cft^cfc^JJD 
X»*<DttttIXt*22»SK/< y Tt£l3tC<£ 2>$m*& 

MiC^^f-S. 02 b £12 2 c<DXB*i£M 
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